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Objective:This article aims to evaluate the long‐term effects of an interdisciplinary intervention program
on cognitively impaired older persons after hip fracture in Taiwan.
Methods: Of 160 subjects randomly assigned to control (n= 81) and intervention (n= 79) groups, 24
(29.6%) and 27 (34.2%) were cognitively impaired in the control and intervention groups, respectively,
and outcomes were followed for 2 years after discharge.
Results: Among cognitively impaired subjects, more in the intervention group recovered their previous
walking ability (odds ratio [OR] = 3.49; conﬁdence interval [CI] = 1.64 to 7.42), activities of daily life
performance (β= 18.59; p= 0.0002), and more were readmitted to the hospital (OR= 4.44, CI= 1.53
to 12.89) than those in the control group during the ﬁrst 2 years following discharge. Among subjects
without cognitive impairment, more in the intervention group recovered their previous walking ability
(OR= 2.6; CI= 1.33 to 5.07), had fewer falls (OR= 0.47; CI= 0.25 to 0.86), and made fewer emergency
room visits (OR= 0.33; CI= 0.11 to 0.97) during the ﬁrst 2 years following discharge than those in the
control group.
Conclusions: Cognitively impaired individuals beneﬁted from our interdisciplinary intervention by im-
proving their walking ability and physical function during the ﬁrst 2 years following discharge. Speciﬁc
strategies on fall prevention following hip fracture need to be further developed for cognitively impaired
individuals. Copyright # 2011 John Wiley & Sons, Ltd.
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Introduction
Cognitive impairment, which occurs in 31–88%
of older persons with hip fracture (Holmes and
House, 2000), predicts poor functional recovery
and increases mortality risk after hip‐fracture
surgery (Heruti et al., 1999; Holmes and House,
2000; Nightingale et al., 2001; Clague et al., 2002;
Gruber‐Baldini et al., 2003). On the other hand,
hip‐fracture patients with cognitive impairment
(Goldstein et al., 1997) or dementia (Huusko et al.,
2000) in an active geriatric rehabilitation program
achieved positive outcomes in terms of functional im-
provement and discharge destination, similar to those
Copyright # 2011 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2012; 27: 529–538.
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of cognitively normal patients. These studies examined
the effects of interventions on cognitively impaired
patients in developed countries. However, little is
known about the differences in health trajectories of
older persons with andwithout cognitive impairment af-
ter receiving interventions for hip fracture and even less
is known about this phenomenon in Asian countries.
Taiwan differs substantially from developed
countries in its healthcare system, clinical practice,
case mix, culture, and social organization. For exam-
ple, the majority of older people in Taiwan continue
to reside with their adult married children (Lee et al.,
1994). Taiwan’s healthcare system differs from those
in most developed countries because its national
health insurance allows clients free choice of any
health provider, and subacute and long‐term care ser-
vices are fragmented, poorly coordinated, and under-
developed (Chuang et al., 2007). These differences
require validating studies conducted in developed
countries on the effects of cognitive impairment in re-
covery of older persons participating in intervention
programs for hip fracture in Taiwan.
The health and functional outcomes of elders with hip
fracture in Taiwan were found to improve after an inter-
disciplinary intervention program (Shyu et al., 2005).
However, that clinical trial did not explore whether
treatment effects differed for cognitively impaired
elders. Thus, the present study was a post hoc analysis
to evaluate the 2‐year effects of an interdisciplinary in-
tervention program on recovery following hip fracture
for cognitively impaired older persons in Taiwan. Spe-
ciﬁcally, subjects with and without cognitive impair-
ment participated in the intervention program or
received routine care. At 1, 3, 6, 12, 18, and 24months
after hospital discharge, subjects were assessed for
eight outcome variables: hip ﬂexion ratio, recovery of
walking ability, ability to perform activities of daily life
(ADLs), occurrence of falls, mortality, emergency
room visits, hospital readmissions, and institutionali-
zation. In this research, we evaluated three hypotheses:
Hypothesis 1 The interdisciplinary intervention will
lead to improved 2‐year post‐discharge health out-
comes for patients without and with cognitive impair-
ment. That is, the treatment effects will remain
signiﬁcant during the ﬁrst 2 years when cognitive
functioning is controlled.
Hypothesis 2 Cognitive functioning is signiﬁcantly
and positively related to outcomes.
Hypothesis 3 The effects of treatment will vary with
cognitive status. That is, treatment effects will be
smaller for cognitively impaired patients than for
those without cognitive impairment.
Methods
Participants
Patients were included in this study if they met these
criteria: (1) age 60 years or older, (2) admitted to hos-
pital for an accidental single‐side hip fracture, (3) re-
ceiving hip arthroplasty or internal ﬁxation, (4) able
to perform full range of motion (ROM) against gravity
and against some or full resistance before hip fracture,
(5) moderately dependent or better in ADLs before
hip fracture (score ≥70 on the Chinese Barthel Index
[CBI]), and (6) living in northern Taiwan. Inclusion
criteria 4 and 5 were established to include subjects
with the most potential to recover after rehabilitation.
Patients were excluded if they were (1) severely cogni-
tively impaired (score <10 on the Chinese Mini Men-
tal State Examination) (Yip et al., 1992; Yip et al.,
1997) or (2) terminally ill. Exclusion criterion 1 was
established to exclude subjects completely unable to
follow orders.
The sample was recruited from September 2001 to
November 2003 and followed up during the ﬁrst
2 years after discharge (Figure 1). The main reasons
for patients not meeting inclusion criteria were living
outside northern Taiwan, unable to perform full
ROM against gravity and against some or full resis-
tance before hip fracture, and having a CBI <70. Of
the 162 subjects who entered the original clinical trial,
160 completed a cognitive assessment before hospital
discharge and were used for this study. On the basis
of the pre‐discharge cognitive function assessment,
subjects were categorized as cognitively impaired and
assigned to the cognitive‐impairment group if they
had <6 years of education and a Chinese Mini Mental
State Examination score <21 or had ≥6 years of educa-
tion and scored <25 (Yip et al., 1992). As shown in
Figure 1, 24 subjects (29.6%) in the control group
(n= 81) and 27 (34.2%) in the intervention group
(n= 79) were cognitively impaired.
Intervention program (intervention group)
Current routine care of elders with hip fracture in
Taiwan does not usually include continuity of care,
geriatric assessment, and a well‐organized interdisci-
plinary approach (Shyu et al., 2005). The intervention
program included three components: a geriatric con-
sultation service, a rehabilitation program, and a
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discharge‐planning service (Shyu et al., 2005). Geriat-
ric consultation was provided by a geriatrician and ge-
riatric nurses who conducted geriatric assessments/
consultations and surveyed subjects to detect potential
medical and functional problems and to decrease
delays before surgery. After pre‐surgical and post-
surgical assessments, the geriatric consultants made
suggestions to the surgeon in charge about issues such
as timing of surgery, infection and thromboembolic
prophylaxis, postoperative nutritional management,
urinary tract management, and delirium management.
On the basis of these suggestions, the healthcare team
(the gerontological nurse, the geriatrician, and the pri-
mary surgeon) developed or modiﬁed the care plan.
The rehabilitation component, including both in-
patient and in‐home rehabilitation, was delivered by
a rehabilitation physician, geriatric nurses, and a
physical therapist. Every intervention‐group subject
received both in‐hospital rehabilitation (delivered dur-
ing hospitalization) and in‐home rehabilitation (deliv-
ered in the home setting). Rehabilitation started 1 day
after surgery and continued until 3months after dis-
charge. Both inpatient and in‐home rehabilitation in-
cluded a hip fracture‐oriented intervention and a
general intervention program to restore deteriorated
physical ﬁtness. Average hospital stays for the inter-
vention and control groups were 10.1 days (standard
deviation = 3.7) and 9.7 days (standard deviation =
5.0), respectively. For the inpatient program, a geriat-
ric nurse visited subjects four times (once a day), a
physical therapist visited them two times, and a reha-
bilitation physician visited them once. For the in‐
home program, a geriatric nurse visited subjects four
times during the ﬁrst month and four times during
the second and third months after discharge. A physi-
cal therapist visited subjects three times. Routine care
(control group) included about three inpatient physi-
cal therapy sessions, with no in‐home visits.
Discharge service was delivered by geriatric nurses
and included a discharge assessment, necessary refer-
rals, a home assessment, and suggested environmental
modiﬁcations. Discharge assessment, which occurred
during hospitalization, evaluated caregiver compe-
tence, resources, family function, patient’s self‐care
ability, and need for community or long‐term care ser-
vices. On the basis of this assessment, the nurse made
referrals. Before the patient’s hospital discharge, a ge-
riatric nurse visited the home to assess its environment
and suggest needed changes. Follow‐up clinic visits
were also monitored.
Ethical considerations. This study was in compliance
with the Helsinki Declaration and local legislation. Be-
fore data were collected, the study was approved for
human subject research by the study hospital (Institu-
tional Review Board, ﬁrst author’s hospital; approval
number 89‐25). Participants gave signed informed
consent to participate in the study.
Outcome variables. The intervention was assessed in
terms of eight outcome variables: hip ﬂexion ratio, re-
covery of walking ability, ADL performance, fall oc-
currence, mortality, emergency room (ER) visits,
hospital readmission, and institutionalization. Ratio
of hip ﬂexion and recovery of walking ability reﬂected
physical functioning outcomes. Hip ﬂexion ratio was
deﬁned by the ROM of the affected hip joint divided
by the ROM of the unaffected hip joint. Recovery of
walking ability was determined by comparing its
rating before and after fracture. Walking ability was
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Figure 1 Study ﬂow diagram. Sample recruitment process. *One pa-
tient refused to participate at 12months and agreed to participate at
18 and 24months. CI, cognitively impaired; NCI, no cognitive
impairment.
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rated from 0 to 15 by 1 item on the CBI: 0 (immobile
or <50 yards), 5 (wheelchair independent, including
corners, >50 yards), 10 (walks with verbal or physical
help of one person, >50 yards), and 15 (independent,
but may use any aid, e.g., a cane, >50 yards). Ability to
perform ADLs was measured using the CBI (Chen
et al., 1995). Falls and mortality indicated clinical
outcomes. Service utilization variables included ER
visits, hospital readmission, and institutionalization.
Procedure
Subjects were recruited from the ER by research assis-
tants and provided informed consent before participa-
tion. Those who agreed to participate were randomly
assigned to an intervention or control group by
ﬂipping a coin. The intervention group then received
routine hospital care plus the intervention program,
whereas the control group received only routine hos-
pital care. Outcomes were assessed at 1, 3, 6, 12, 18,
and 24months after hospital discharge.
Statistical analysis. Differences in baseline character-
istics between the intervention and control groups
were assessed by two‐sample t‐tests or chi‐squared
tests. Effects of the interdisciplinary intervention were
evaluated in conjunction with cognitive functioning
by a generalized estimating equation (GEE) approach.
The GEE can account for possible correlations in re-
peated measures over time and can explore differences
at different time points. Another advantage of using
the GEE model is that partial information can be used;
for example, data from subjects who drop out can still
contribute to the estimation parameters. Therefore,
this approach is especially useful in longitudinal
studies where sample attrition is inevitable, but the
data belonging to study participants who die or drop
out within 2 years of discharge can be included in the
analysis. In this study, for a given outcome variable,
the GEE model included the following predictors: (i)
treatment (1= intervention group, 0 = control group);
(ii) cognitive functioning (1=without cognitive impair-
ment, 0 = cognitively impaired), and ﬁve dummy
variables representing measurements made at 3, 6, 12,
18, and 24months after hospitalization (with 1month
after discharge as the reference). Finally, variation in
the treatment effect with cognitive functioning was in-
vestigated by introducing an interaction term involving
these two variables (i.e., treatment × cognitive function-
ing) into the GEE model. GEE analyses were conducted
using SAS Win 8.0 (SAS Institute, Inc., Cary, NC).
Results
The baseline characteristics of subjects in the interven-
tion and control groups did not differ signiﬁcantly,
nor did those of subjects with and without cognitive
impairment (Table 1). The overall intervention effects
and p‐values for the interaction and main effects were
evaluated by GEE regression analysis for six of eight
outcomes (Table 2). On the basis of the same GEE
model, we then speciﬁcally contrasted the effects
for each group (cognitive impairment intervention,
cognitive impairment control, no impairment inter-
vention, no impairment control) (Table 3). The re-
gression coefﬁcients for time, treatment, cognitive
impairment, and interaction between intervention
and cognitive impairment are presented in Table 2.
To facilitate interpretation of the intervention effects,
we also present in Table 2 the odds ratios (OR) with
conﬁdence intervals (CI) for signiﬁcant regression
coefﬁcients of binary outcome variables, including
walking recovery, hospital readmission, and recur-
rence of falls. The p‐values indicate signiﬁcance of
the regression coefﬁcients (β).
This analysis showed that, after controlling for time,
cognitive impairment, and interaction between the
intervention and cognitive impairment, subjects in the
intervention group had signiﬁcantly better trajectories
in ADL performance and recovery of walking ability
but greater chance of hospital readmission than subjects
in the control group. After controlling for covariates,
subjects without cognitive impairment had signiﬁcantly
better trajectories in ADL performance and recovery of
walking ability than cognitively impaired subjects. In
terms of interaction effects, the intervention improved
ADL performance for cognitively impaired subjects
more than for subjects without cognitive impairment.
Overall time effects (Table 2) were evaluated using
1‐month post‐discharge data as baseline. Relative to
this baseline, ADL performance and recovery of walk-
ing ability were signiﬁcantly higher at 3, 6, 12, 18, and
24months, hip ﬂexion ratio was signiﬁcantly higher at
6, 12, 18, and 24months, and hospital readmissions
were higher from 6 to 12, and from 12 to 18months
after discharge.
We then compared the outcome trajectories among
different intervention × cognitive impairment groups
(cognitive impairment control, cognitive impairment
intervention, non‐cognitive impairment control,
non‐cognitive impairment intervention; Table 3) us-
ing GEE analysis. For hip ﬂexion ratio, the interven-
tion did not signiﬁcantly affect cognitively impaired
subjects. However, for subjects without cognitive im-
pairment, the intervention group had signiﬁcantly
532 Y‐I. L. Shyu et al.
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greater hip ﬂexion ratio than the control group
(β= 0.11; p= 0.005). Also, cognitive impairment did
not affect hip ﬂexion ratio in either the control or in-
tervention group.
The proportion of subjects who recovered walking
ability (Figure 2) was signiﬁcantly higher in the inter-
vention group (circles) than in the control group
(squares) for subjects with (ﬁlled symbols) and
Table 2 Estimated regression coefﬁcients for overall effects: time, intervention, cognitive impairment, and interaction between intervention and cog-
nitive impairment
Outcome Time after discharge (months) Treatment Cognitive
impairment
Treatment × cognitive
impairment
3 6 12 18 24
Hip flexion
ratioa
0.08 0.17 0.09 0.10 0.14 0.09 0.05 0.02
(<0.001) (0.02) (0.02) (0.0007)
Performance
of ADLs
7.42 11.19 9.46 7.53 6.55 18.59 18.79 −13.36
(<0.001) (<0.001) (<0.001) (<0.001) (0.005) (<0.001) (<0.001) (0.018)
Walking
recovery
0.96 1.18 1.33 0.75 0.75 1.25 0.83 −0.29
(<0.001) (0.001) (0.001) (0.002) (0.003) (0.001) (0.021)
OR=2.6 OR=3.24 OR=3.78 OR=2.11 OR=2.13 OR=3.49 OR=2 .30
(1.71–3.97) (2.04–5.14) (2.26–6.30) (1.33–3.37) (1.30–3.47) (1.64–7.42) (1.13–4.67)
Emergency
room visits
(Similar to
previous)
Hospital
readmissions
Occurrence
of falls
−0.52
Each cell presents estimated regression coefﬁcient followed by signiﬁcant p‐value and/or estimated odds ratio followed by its 95% conﬁdence
interval.
Baseline data for all variables were 1‐month post‐discharge data for control group and cognitively impaired subjects.
ADLs, activities of daily living; OR, odds ratio; CI, conﬁdence interval; ROM, range of motion.
aHip ﬂexion ratio was deﬁned as the ROM of the affected hip joint divided by the ROM of the unaffected hip joint.
Table 1 Demographic characteristics of patients with and without cognitive impairment recovering from hip fracture
Characteristic
Subjects with cognitive impairment (n=51)
Subjects without cognitive impairment
(n=109)
Control group Intervention group
p
Control group Intervention group
pn=24 n=27 n=57 n=52
Age (years), mean±SD 81.67±7.55 81.30±6.8 0.438 77.84±6.98 75.35±8.24 0.090a
Gender, n (%) 0.088 0.230
Female 16 (66.7) 24 (88.9) 40 (70.2) 30 (57.7)
Male 8 (33.3) 3 (11.1) 17 (29.8) 22 (42.3)
Marital status, n (%) 0.579 0.407
Single 0 (0) 0 (0) 0 (0) 1 (1.9)
Married 13 (54.2) 12 (44.4) 33 (57.9) 25 (48.1)
Widowed 11 (45.8) 15 (55.6) 24 (42.1) 25 (48.1)
Divorced 0 (0) 0 (0) 0 (0) 1 (1.9)
Educational background, n (%) 0.791 0.432
Illiterate 16 (66.7) 20 (74.1) 22 (38.6) 20 (38.5)
Primary school 5 (20.8) 5 (18.5) 24 (42.1) 17 (32.7)
High school or above 3 (12.5) 2 (7.4) 11 (19.3) 15 (28.8)
Type of surgery, n (%) 0.156 0.439
Internal fixation 13 (54.2) 20 (74.1) 33 (57.9) 34 (65.4)
Arthroplasty 11 (45.8) 7 (25.9) 24 (42.1) 18 (34.6)
Patients with independent walking abilityb,
n (%)
16 (66.7) 20 (74.1) 0.759 52 (91.2) 48 (92.3) 1.000
Pre‐fracture ADLsb, mean±SD 92.92±9.08 94.44±8.59 0.433 97.54±4.34 96.83±5.15 0.432a
p determined by chi‐squared tests.
ADLs, activities of daily living, SD, standard deviation.
ap was determined by t‐test.
bScores determined by Chinese Barthel Index.
533Cognitive impairment and recovery from hip fracture
Copyright # 2011 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2012; 27: 529–538.
Ta
bl
e
3
O
ut
co
m
e
co
m
pa
ri
so
ns
in
th
e
ﬁ
rs
t
2
ye
ar
s
af
te
r
di
sc
ha
rg
e
O
ut
co
m
e
T
im
e
af
te
r
d
is
ch
ar
g
e
(m
o
nt
hs
)
C
o
gn
iti
ve
ly
im
p
ai
re
d
(C
I)
N
o
co
g
ni
tiv
e
im
p
ai
rm
en
t
(N
C
I)
C
o
nt
ro
lC
I
vs
in
te
rv
en
tio
n
C
I
C
o
nt
ro
lC
I
vs
co
nt
ro
l
N
C
I
In
te
rv
en
tio
n
C
I
vs
in
te
rv
en
tio
n
N
C
I
C
on
tr
o
lN
C
I
vs
in
te
rv
en
tio
n
N
C
I
C
o
nt
ro
l
In
te
rv
en
tio
n
C
o
nt
ro
l
In
te
rv
en
tio
n
p
va
lu
e
H
ip
fle
xi
o
n
ra
tio
a
m
ea
n
±
S
D
1
0.
78
±
0.
36
0.
83
±
0.
36
0.
76
±
0.
38
0.
96
±
0.
38
0.
12
0.
29
0.
10
0.
00
5
3
0.
70
±
0.
31
0.
99
±
0.
30
0.
90
±
0.
48
1.
01
±
0.
39
6
1.
00
±
0.
38
0.
97
±
0.
30
1.
01
±
0.
31
1.
05
±
0.
31
12
0.
89
±
0.
39
0.
87
±
0.
21
0.
94
±
0.
28
1.
00
±
0.
28
18
0.
82
±
0.
25
0.
91
±
0.
25
0.
94
±
0.
27
1.
02
±
0.
26
24
0.
87
±
0.
24
1.
07
±
0.
34
0.
93
±
0.
24
1.
04
±
0.
25
W
al
ki
ng
re
co
ve
ry
b
n
(%
)
1
7
(3
1.
8)
10
(4
3.
5)
20
(3
9.
5)
30
(6
2.
5)
0.
00
1
0.
02
1
0.
14
0.
00
5
3
10
(4
7.
6)
17
(8
1)
27
(5
8.
7)
38
(8
2.
6)
6
11
(5
0.
0)
17
(8
5)
30
(6
6.
7)
38
(8
4.
4)
12
7
(3
6.
8)
17
(1
00
)
33
(7
8.
6)
34
(8
1)
18
6
(3
7.
5)
14
(7
7.
8)
21
(5
6.
8)
33
(8
2.
5)
24
4
(3
3.
3)
11
(6
1.
1)
24
(6
6.
7)
31
(8
1.
6)
A
D
Ls
,
m
ea
n
±
S
D
1
61
.8
2
±
22
.8
2
76
.5
2
±
13
.2
7
76
.6
7
±
16
.9
9
83
.3
3
±
16
.0
9
<
0.
00
1
<
0.
00
1
0.
10
0.
05
3
68
.5
7
±
19
.6
3
87
.3
8
±
10
.8
0
85
.0
±
19
.1
5
90
.8
7
±
13
.5
9
6
73
.8
6
±
23
.8
5
90
.5
0
±
9.
58
89
.4
4
±
14
.3
5
94
.0
±
9.
75
12
68
.4
2
±
31
.3
6
93
.8
2
±
7.
19
89
.8
8
±
20
.3
2
90
.4
8
±
22
.0
3
18
63
.4
4
±
34
.7
2
90
.0
0
±
11
.6
3
90
.0
0
±
17
.9
1
92
.1
3
±
18
.3
2
24
72
.0
8
±
17
.6
4
80
.0
0
±
31
.9
0
89
.4
4
±
17
.2
3
91
.8
4
±
18
.4
3
O
cc
ur
re
nc
e
o
f
fa
lls
,
n
(%
)
1
1
(4
.3
)
1
(4
.3
)
7
(1
3.
7)
2
(4
.3
)
0.
62
0.
78
0.
32
0.
01
4
3
2
(9
.5
)
4
(1
9.
0)
8
(1
7.
0)
1
(2
.2
)
6
4
(1
8.
2)
0
(0
)
6
(1
3.
0)
2
(4
.4
)
12
2
(1
0.
5)
0
(0
)
5
(1
1.
9)
6
(1
4.
0)
18
3
(1
8.
8)
3
(1
6.
7)
10
(2
5.
6)
6
(1
5.
0)
24
4
(3
0.
8)
5
(2
7.
8)
3
(8
.3
)
4
(1
0.
8)
M
o
rt
al
ity
,
n
(%
)
W
ith
in
1
0
(0
)
1
(4
.2
)
0
(0
)
0
(0
)
N
A
N
A
N
A
N
A
W
ith
in
3
1
(4
.3
)
1
(4
.5
)
2
(4
.1
)
0
(0
)
W
ith
in
6
1
(4
.3
)
1
(4
.8
)
3
(6
.3
)
0
(0
)
(C
on
tin
ue
s)
534 Y‐I. L. Shyu et al.
Copyright # 2011 John Wiley & Sons, Ltd. Int J Geriatr Psychiatry 2012; 27: 529–538.
without (clear symbols) cognitive impairment. Cogni-
tively impaired subjects in the intervention group had
3.49 greater odds of recovering their previous walking
ability (CI= 1.64–7.42; p= 0.001) than those in the
control group. Similarly, subjects without cognitive
impairment in the intervention group had 2.60 greater
odds (CI= 1.33–5.07; p= 0.005) of recovering walking
ability than their counterparts in the control group.
Furthermore, control‐group subjects without cogni-
tive impairment more easily recovered walking ability
than cognitively impaired subjects (OR= 2.30; CI=
1.13–4.67; p= 0.021). However, recovery of walking
ability did not differ signiﬁcantly between subjects
with and without cognitive impairment in the inter-
vention group.
For ADL performance, the intervention effects were
different for subjects with and without cognitive im-
pairment. Cognitively impaired subjects in the inter-
vention group performed ADLs signiﬁcantly better
than their counterparts in the control group
(β= 18.59; p< 0.001). However, although subjects
without cognitive impairment in the intervention
group had better ADL performance at all time points
than their counterparts in the control group, these dif-
ferences were only close to signiﬁcance (β= 5.24;
p= 0.05). The effects of cognitive impairment were
also different for subjects in the control and interven-
tion groups. Subjects without cognitive impairment in
the control group (β= 18.79; p< 0.001) had better
ADL performance than cognitively impaired subjects.
However, ADL performance did not differ signiﬁ-
cantly between subjects with and without cognitive
impairment in the intervention group.
For fall occurrence, subjects without cognitive im-
pairment in the intervention group were less likely to
fall (OR= 0.47; CI= 0.25–0.86; p= 0.014) during the
ﬁrst 2 years after discharge than those in the control
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Figure 2 Changes in recovery of walking ability.
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group, but no such effect was found for cognitively
impaired subjects. The intervention had no effect on
fall occurrence among cognitively impaired subjects.
Cognitive impairment had no effect on fall occurrence
in either the control or intervention group.
For ER visits, the intervention beneﬁted only sub-
jects without cognitive impairment. Intervention‐
group subjects without cognitive impairment were less
likely (OR= 0.33; CI= 0.11–0.97; p= 0.044) to visit the
ER during the ﬁrst 2 years after discharge than control‐
group subjects without cognitive impairment, but no
such effect was found for cognitively impaired sub-
jects. The intervention had no effect on ER visits
among cognitively impaired subjects. Cognitive im-
pairment did not affect ER visits in either the control
or intervention group. Cognitively impaired subjects
in the intervention group were more likely to be read-
mitted to hospital (OR= 4.44, CI= 1.53–12.89) in the
ﬁrst 2 years following discharge than their counter-
parts in the control group, but no such effect was
found for subjects without cognitive impairment.
We also examined the cumulative difference in
mortality among subjects. During the 2‐year study pe-
riod, 8 cognitively impaired subjects (six in the con-
trol, two in the intervention group) and 14 subjects
without cognitive impairment (seven in the control,
seven in the intervention group) died. Mortality rate
did not differ signiﬁcantly among the four groups
(cognitive impairment control, cognitive impairment
intervention, non‐cognitive impairment control,
non‐cognitive impairment intervention). For the insti-
tutionalization rate during the ﬁrst year, only one cog-
nitively impaired subject in the control group and one
subject without cognitive impairment in the interven-
tion group were institutionalized within the ﬁrst
2months. During the second year following discharge,
four cognitively impaired subjects (two in the control,
two in the intervention group) and three subjects
without cognitive impairment (three in the interven-
tion group only) were institutionalized. The institu-
tionalization rate over the 2‐year period did not
differ signiﬁcantly among the four groups.
Discussion
This study is the ﬁrst to show that a multidisciplinary
intervention for hip fracture can beneﬁt cognitively
impaired non‐Western older patients by improving
physical functioning and ambulation, as previously
observed (Goldstein et al., 1997; Heruti et al., 1999;
Huusko et al., 2000). Our ﬁndings also make a unique
contribution to the knowledge base by evaluating dif-
ferent trajectories during the ﬁrst 2 years following
discharge in health outcomes after an intervention
for hip fracture among patients with and without cog-
nitive impairment.
In terms of the effect of cognitive impairment, as
stated in hypothesis 2, we found that after discharge for
hip‐fracture surgery, cognitively impaired patients in
the control group had poorer trajectories of recovery in
walking ability and physical function than control‐group
patients without cognitive impairment. However, be-
cause our study excluded patients with severe cognitive
impairment, the population from which the sample was
drawn might have been less cognitively impaired than
populations sampled in previous studies (Heruti et al.,
1999; Matsueda and Ishii, 2000; Nightingale et al.,
2001; Clague et al., 2002; Gruber‐Baldini et al., 2003;
Aharonoff et al., 2004; Ishida et al., 2005). Indeed, cog-
nitive impairment has been associated with poorer
physical functioning (Heruti et al., 1999; Matsueda
and Ishii, 2000; Gruber‐Baldini et al., 2003; Ishida
et al., 2005), higher mortality (Nightingale et al.,
2001; Clague et al., 2002), and more nursing home
placements (Aharonoff et al., 2004). Our ﬁndings
of non‐signiﬁcant differences in mortality and
institutionalization among older patients with and
without cognitive impairment might have been due
to our excluding the sickest and most cognitively im-
paired patients who were most likely to die or be insti-
tutionalized. Thus, the numbers of mortality and
institutionalization were small.
Older subjects with cognitive impairment who re-
ceived our intervention after hip fracture had better
trajectories for recovering walking ability and for
ADL performance than their counterparts in the con-
trol group during the ﬁrst 2 years following discharge,
supporting hypothesis 1. Of note, recovery of walking
ability and ADL performance did not differ signiﬁ-
cantly between subjects with and without cognitive
impairment in the intervention group. This ﬁnding
echoes previous reports that cognitively impaired
patients regained functional abilities after hip fracture
and returned to the community if they received active
rehabilitation (Goldstein et al., 1997; Huusko et al.,
2000). Furthermore, the intervention effects on walk-
ing ability and ADL performance were even greater
for cognitively impaired subjects than for those with-
out cognitive impairment, rejecting hypothesis 3.
We also found that cognitively impaired subjects
who received the intervention were more likely to be
readmitted to hospital than those in the control group.
Potentially avoidable readmission rates or acute read-
mission within 30 days of discharge have been used
as indicators for poor quality of health care (Halfon
et al., 2006; Rumball‐Smith and Hider, 2009). In this
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study, admission rates within 30 days following dis-
charge did not differ signiﬁcantly between cognitively
impaired subjects in the control and intervention
groups (p= 0.61). The higher overall readmission rate
for cognitively impaired hip‐fracture patients who re-
ceived our intervention might have been due to their
health problems being easier to detect and manage,
because they received more home visits from nurses.
In this study, however, cognitively impaired sub-
jects did not beneﬁt from the intervention in prevent-
ing subsequent falls and ER visits as did subjects
without cognitive impairment. Examination of hospi-
tal records showed that an important reason for ER
visits of cognitively impaired subjects was subsequent
falls regardless of whether they received the interven-
tion (n= 2 in the intervention group and n= 2 in the
control group). Despite the improved mobility of cog-
nitively impaired patients in the intervention group,
their incidence of falls was not signiﬁcantly higher
than that of their counterparts in the control group
(p= 0.62, Table 3). We also found that ADL perfor-
mance did not differ signiﬁcantly between cognitively
impaired subjects with and without subsequent falls
during the 2 years following discharge (t= 0.26,
p= 0.80). Therefore, the gain in mobility for cogni-
tively impaired patients in the intervention group did
not result in more falls than in the control group
and appeared to be beneﬁcial.
Our intervention, to prevent falls, required complex
skills such as assessing environmental hazards and re-
membering safety instructions, which were difﬁcult for
cognitively impaired patients to master. Indeed, cogni-
tively impaired patients are viewed as the most difﬁcult
to manage in fall‐prevention interventions (Detweiler
et al., 2005), which are not effective in preventing falls
for these patients (Shaw et al., 2003). The lack of inter-
vention beneﬁts on fall prevention suggests the need to
develop speciﬁc strategies that consider cognitively
impaired patients’ level of competence, environmental
factors, and rehabilitation activities to improve their
recovery after hip fracture (Hedman and Grafstrom,
2001).
A limitation of our study was its single‐blinded de-
sign; that is, the personnel delivering the intervention
and assessing the outcomes were not blinded. How-
ever, these personnel were purposely assigned differ-
ent research duties to minimize any potential bias. It
is worth noting that although subjects were lost during
the follow‐up period, intention‐to‐treat analysis and
on‐protocol analysis produced similar results. In con-
clusion, despite this study’s limitations and the nega-
tive impact of cognitive impairment on recovery,
cognitively impaired older persons can still beneﬁt
from an interdisciplinary intervention to improve
their physical function after hip fracture.
Conclusions
Cognitively impaired individuals beneﬁted from our
interdisciplinary intervention by improving their walk-
ing ability and physical function during the ﬁrst 2 years
following discharge. However, cognitively impaired
subjects, unlike those without cognitive impairment,
did not beneﬁt from the intervention in preventing
subsequent falls and ER visits. Speciﬁc fall‐prevention
strategies need to be further developed for cognitively
impaired individuals following hip fracture.
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